soft, energizing and isotonic drinks has risen. Paradoxically, promoted healthy lifestyle, diet rich in fresh fruit and fruit drinks, wholegrain products, as well as physical exertion leading to dehydration and diminished protective action of saliva, all contribute to the development of non-carious lesions in hard dental tissues [9] [10] [11] . Other factors like chronic stress, mental illness, alimentary diseases leading to the presence of gastric secretion in the mouth and subsequent lowering of oral pH are also contributory [12, 13] . The 2015 paper Effect of endurance training on dental erosion, caries and saliva introduces the term "sports dentistry", which indicates the scale of the problem of sportsrelated dental erosion in patients who train intensively and are temporarily dehydrated [14] .
Effective methods of preventing the loss of hard dental tissues have been sought for years. In the case of dental caries, the importance of fluoride in its prevention and treatment has been well documented. The regular use of fluoridated toothpaste contributes to the reduction of the incidence of caries in many populations, with fluoride supplementation playing a vital role in the course of early carious lesions. Due to the sub-surface nature of white spot lesions, there is still a chance to implement a non-invasive therapeutic protocol of remineralization of potential damage [15, 16] .
In the case of erosive lesions, the destructive process is initiated on the enamel surface and leads to the gradual loss of its subsequent layers without any means of their repair. It is, therefore, important to implement prophylactic procedures that would protect enamel structure from erosive factors.
Saliva plays a key role in dental erosion prevention. As a result of selective adsorption of salivary proteins a semipermeable membrane is formed on the enamel surface, known as acquired dental pellicle. This structure consists of 130 proteins, i.e., Ca-and P-binding proteins, proline rich proteins, histatins and statherines. Its presence can build the natural barrier, which partially inhibits the diffusion of H + ions and dental enamel dissolution. Pellicle created under natural conditions has higher preventive potential. Improvement of the saliva and pellicle protective properties by application of prophylactic products is the important purpose of erosion prevention [17] [18] [19] .
With respect to erosion, toothpaste seems to be also the optimal medium for delivering active agents for dental tissues protection. In recent years, new formula of dentifrice with stabilized stannous fluoride has been launched on the market. It is not a new solution, because stannous fluoride was the first compound to have been added to the so-called therapeutic toothpastes in 1950s in the USA [20, 21] . Their composition at that time was insufficient and dramatically reduced bioavailability of both fluoride and tin, and thus effectiveness of such formula was limited. Stannous fluoride is unstable in its aqueous solution and pH higher than 4 since it undergoes oxidation and hydrolysis resulting in inactive forms of tin and precipitates. The preventive potential of stannous fluoride has prompted more research on a new formula for this chemical compound. Attempts were made to reduce the content of water in dentifrice and use tin stabilizers such as pyrophosphates, gluconates, copolymers or stannous chloride. Eventually, the preparation of a stannous fluoride-sodium hexametaphosphate complex made it possible to increase its bioavailability in the mouth and facilitate its properties more effectively. It has been demonstrated that sodium hexametaphosphate has the ability to combine with the pellicle, and its several-hour retention increases its protective, anti-erosive potential. Buscher et al. [22] confirmed the ability of phosphate groups of hexametaphosphate polymer to combine with free calcium ions on the enamel surface.
Years of experiments came to fruition in 2005 when toothpastes containing stabilized stannous fluoride were launched on the American market [23] . Since 2010, toothpastes with this advanced formula have been available in Poland as well. In accordance with European guidelines, the original formula of toothpastes containing 1110 ppm of fluoride as SnF 2 has been supplemented with 350 ppm of F in the form of NaF in order to optimize the fluoride content as active ingredient.
A few years after the appearance of new SnF 2 dentifrice formulation on the market, an attempt was made to evaluate their enamel protective role against erosive factors in relation to other formulations of available toothpastes. The aim of this paper is to present the results of related investigations.
Available results are primarily based on in vitro and in situ studies since laboratory conditions create a possibility to utilize several advanced techniques such as SEM, OCT, CLSM, QLF, AFM and USG to assess the condition of hard dental tissues. However, the most commonly used method is the one which examines the profile of enamel surface, its microhardness, and also evaluates the degree of enamel loss in relation to a reference surface by means of transverse microradiography (TMR) [24] .
The most interesting issue was to estimate the effectiveness of dentifrices containing SnF 2 in relation to other available toothpastes formulas. One of the comparative studies was undertaken to examine the protective effect of stannous flu-oride toothpaste and sodium fluoride toothpaste on enamel previously exposed to orange juice. The measurements of the depth of created erosive lesions were based on prophylometric study. The obtained results unequivocally indicate that SnF 2 -containing dentifrice is more effective in protecting the enamel surface against acid attack than NaF-containing toothpastes [25] .
Baig et al. [26] evaluated the effect of SnF 2 on inhibiting hydroxyapatite (HAP) solubility. In their experiment, powdered HAP was initially subjected to the effect of sodium fluoride (NaF), stannous fluoride (SnF 2 ) or water, and then HAP was exposed to acids in laboratory conditions. The results indicated that in comparison with water, SnF 2 -containing formulae were more effective in inhibiting HAP solubility in acids (92.8%) than NaF-based preparations (61.3%).
The experiments of Faller et al. [27] have been undertaken to continue establishing the ability of dentifrices containing various fluoride compounds to protect enamel against erosive challenge. The authors compared the preventive potential of 1100 ppm F in SnF 2 , 1100 ppm F in NaF and 1100 ppm F as sodium monofluorophosphate (SMFP). The mean enamel loss was estimated for all experimental groups. The results indicated that the mean surface loss of the enamel treated with SnF 2 -containing toothpaste was significantly lower (10.3 µm for the citric acid and 2.0 µm for the phosphoric acid) in comparison with enamel samples that were treated with NaF-containing paste (24.5 µm and 12.8 µm, respectively) and SMFPcontaining paste (28 µm and 14.9 µm, respectively).
A continuation of studies by Faller et al. [28] concerned the evaluation of twelve selected dentifrices available on the market, containing different compounds of fluoride. The comparative analysis took into account the anti-erosive properties of original SnF 2 toothpaste containing 1100 ppm F, and its European version, supplemented additionally with sodium fluoride. The preliminary application of selected dentifrice on surfaces of enamel samples was conducted in twenty 2-minute cycles. After that, the erosive attack was induced by 1% citric acid with pH of 2.3. The results of the study showed that maximum erosive protection of enamel was obtained after the application of both SnF 2 -containing formulations, and their level of protection was comparable.
A similar comparative in vitro experiment was conducted by Eversole et al. [29] , in which new formulations of toothpaste with 8% arginine bicarbonate and dentifrice with stannous fluoride were included. The authors assessed the effect of toothpaste containing 1100 ppm F as SnF 2 , 1100 ppm F as NaF, 1450 ppm F as SMFP and NaF, and 1450 ppm F as SMFP with 8% arginine bicarbonate added to protect enamel exposed to 1% citric acid. The results of these in vitro study confirmed the highest efficacy of stannous fluoride in erosion prevention.
In situ experiments constitute another group of reports on the benefits of SnF 2 -containing dentifrice. These kinds of studies are very important for the validation of the results obtained in in vitro experiments. In most of the related studies, during the first stage of the investigation enamel samples with erosive lesions, induced in vitro or in vivo, undergo natural processes occurring in the mouth, including absorption of acquired pellicle, pH fluctuations, and the effect of oral hygiene products. Subsequently, quantitative and qualitative laboratory evaluation of the condition of enamel specimens was conducted.
Using in situ experiments, an attempt was made to assess the anti-erosive potential of SnF 2 -and NaF-containing dentifrices as well as those with NaF and potassium nitrate. After fifteen days of erosive cycling process, it was observed that in the SnF 2 -protected samples enamel loss was 38% lower than in other groups [30] . Bellamy et al. [31] confirmed in their in situ investigation a higher preventive potential of SnF 2 -containing dentifrice than the NaF-containing one. The exposure of enamel sample to 300-minute attack of citric acid resulted in a 86.9% lower level of enamel loss in samples previously subjected to the action of SnF 2 -containing dentifrice than in samples treated with sodium fluoride toothpastes.
In situ investigation of Huysmans et al. [32] , in which two SnF 2 -containing dentifrices were estimated, reduction of enamel loss was registered on a 26-37% level.
The present data concerning the efficacy of various fluoride dentifrices in erosion protection clearly shows that formulas with stabilized stannous fluoride are more effective in reducing the erosive enamel dissolution than other marked products with the same type and amount of active ingredients. The ability of stannous fluoride to adhere to the enamel surface allows for the formation of an acid-resistant barrier, which provides better enamel protection against acid attack. The recently published Consensus Report of the European Federation of Conservative Dentistry unequivocally confirms that dentifrices containing stannous fluoride have a great potential for inhibiting erosion progression [33] .
In conclusion, stabilized compound of tin and fluoride modifies the pellicle structure and increases its preventive potential. In contact with enamel, stannous fluoride and sodium hexametaphosphate form a complex protective barrier, which is resistant to acid attack. Long-term application of dentifrice with stannous fluoride gradually increases the resistance of dental tissues to the action of acids. Toothpastes with stabilized stannous fluoride and sodium hexametaphosphate are more effective in protecting the enamel against erosion than dentifrices containing other fluoride compounds.
